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In order t o  provide much needed information on the magnitude of f a l l -  
out from megaton bombs detonated alose t o  the  ear th 's  surface, the  Health 
and S f e t y  Laboratory, during the  period immediately preoeding C4STLE was 
engaged i n  developing a method for dooumenting f a l l o u t  on t h e  open sea, 

P ~ ~ ~ c R , S T ~ E  studies  consisted in attempts t o  l a y - o i l  blanloste severa l  
hundred f e e t  i n  diameter which wou2-d f l o a t  i n  the  region of ant ioipated 
Pallout, would. oa toh- the  f a l l ou t  par t i c les  and, r e t a i n  them long enough f o r  
rad ia t ion  mea-suremente - t o  b e  made from a i r o r a f t ,  These s tudies  f a i l e d  and 
we were unahle t o  propose w h a t  we oohsidered t o  be a sa t i s fao tory  method 
f o r  at taoldng t h i s  problem,, 

'The heavy f a l l o u t  whioh oacurred in t h e  Marshalls a f t e r  the  Maroh 1st 
event brought' a n  even higher order of importanoe t o  the requirement f o r  
f a l l ou t  information. Di;, John 'C. Bugher requested the  Health and Safety 
Laboratory t o  restudy the  problem and t o  mount a n  a l l  out e f f o r t  t o  ob ta in  
some data from .the remaining CASTIE detonations. 

A plan was oonoeived ~invo1vi.G the laying of several  hundred r a f t s  by 
low f l y i n g  a i r o r a f t  i n  a 360' pattern,  The r a f t s  -re equipped w i t h  radio- 
sondes which would a s s i s t  searoh a i r o r a f t  t o  locate  them f o r  rad ia t ion  
measurements approximtely  24 hours post shot,, This plan whioh i s  desoribed . 
i n  the  A~pendix, Seotion TI1 of t h i s  repar t  f a i l e d  despi te  the  bes t  e f f o r t s  
of the-'Iaboratory s t a f f  and the superb cooperation p-ovlded by various 
Commands of the  De.partment of Defense, 
. ... 

A' Frinery deterent t o  the  iuocess of the  raft program was the f a o t  
t h a t  a l a rge  a r ea  'of the Paoifio was found t o  be radioaotive. R e s u m b l y  
t h i s  i s  due t o  suspended o r  d%ssolved radioaotivity,,  The importance of 
t h f  ti observation was immediately real ized,  and t h e  Conrmander, Jofnt  Task 
Force #T offered every cooperation t o  enable the Health and Gafety Ubora- 
t o r y  t o  obtain  maximum data. Surfam vessels  were ordered i n t o  t h e  f a l l -  
out  region and they obtained valuable water samples which subsequently len t  
meaning t o  the rad ia t ion  measurenaents being w d e  a l o f t ,  

!Tl16 mission m e  suooessf'ul y d  t h i s  r epo r t  provides a quant i ta t ive  
desoription of the f a l l o u t  f r a m ' l E C T 4 R  and YRlTREX, 

~ ;..Bugher e support of this miss ion was an'  essent ia  1 ingredient t o  
i%s suooess,, Unfortunately, it i s  not  possible t o  l i s t  a l l  t h e  individuals 
i n  the AEC, Jo in t -  Task' Faroe @ and other  Commands of the  Department of 
Defense who prodded support t o  t h i a  program, Its meignltude w i l l  be , 
sppreoh&ed' by the -fa&-.that within f e n  days a f t e r  t h e  need for the survey 
wae determined, t m  C-97s loaded with personnel, equipment and supplies 
were a l ready  on t h e i r  way t o  Eniwetok, The proourement of the  material8 
and equipme@ was a mtrjor undertaking and fabr ioa t ion  of these supplies 



into the ra f t s  and tranrrmii;ters that were ultimately dmpped G o  the Pacific 
was a task which 'could not have been aocomplished' without the ingenuity and 

I 
drive of Mr. Harr'is D. LeVine and Mr. Robert T. Graveson and othors of th i s  
Eab&atoryls Instruments Branoh. As mentioned previously Major General 
Peroy Clarlrson provided .the wholehearted .support of Joint Task Force. # and 
we b e  particularly-indebted to-Lt ,  Col, Edward Hubbard, members of the 
staff of CTG'.7.2, the officers 6nd men of VP 29, and Dr. T. R. Folsom of 
Sorippa 'Institute of Oceanography. 

MGrrCl $isenbud, -Manager 
Hew York Operatione .Offioe 
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( .  - .aurfioe ahd depth aotivi ty data t o  prov$ae an estimate of dep~s i ted  . 
, . . . 

. . k c t i ~ t y  i n  tb reaaur6darea..  he teohniqw pprmits delineation 

. . 
of radioabtiw areas, All allow early -&dormation on direation . - 

I 

- of heavy- fallout paths a n d - a l l  allow'more certainty i n  plaaement 

of vessels outside of, or f i e r e  required, within contaminated sea 

water areas, 'This teehqiqw also w i l l  be useful for civilian 

defense mapping of. contamfrrated areas on land. 



. .  . .  . . .  . .--.... . .  
.me iadident. 'of heavy fa  l lou t  on nearby i s  lands a a  a r e s u l t  of t he  Bravo . ..-. - 

- detoiiiit.ion rnrde it appamht th i - t  much .more i n f o r m t i o n  was neoessary on the 
.- '. .behvirour and'  oharaot.er of rcl l l o u t  nuclear mapon. debr i s  which was airborne 

ana ' la ter ;  deposited a f t e r  oarriage over a d i s t ance  by t h e  wind, 4s a oon-' * 

&ib&ion t o  t h e  iliformation requ-*ed . the 'Health and Safe ty  Laboratory was 
te$ihted t o  s e t  up a raft program (15 i n  order t o  determine the  extent  of 

. 

. :. fal ' lout on raft8"placed up t o  150 miles h-om the  shot  s i t e .  Although the  
''. , r e su l t s  :of tihe r a f t '  program were not s ign i f  iaant ,  the  a i r o r a f t  observers re- 

- '  .-.. portbd t h a t  m i - b d  ohanges of a o t i v i t y  could be read on t h e i r  instrument 
."&en: Slying over open watero While no % l i d  sea water a c t i v i t y  m6asuremknts 

.wee &de on D C 1  of YANKES, it was .evident $hat t h e  readings could n o t  'be 
apco&te.d f o r  by the  presenae of adjaoent clouds of radioaot ive  dust ,  ao- 
$ipit? r.deposit* on the  r a f t s ,  or oon.taI?,i.nat ion  of t he  plane i n  f l y ing  through 
aq$ive' dus% olouds, On D.)3 of YANK% ( 2 )  a se t  of headings, Figure 1, were -. 
fi6yh i"an.:attempt t o  d e t d n e  the  o r ig in  of the readings and t o '  evaluate 

.-'.;: -:a* r i l i formtion t h i  t might be forthooqingo. On the-f ir5t '-heading, whioh was 
. . ,.. !$ ,- ..;. . , .  

.... : 'sew at.. 25 mi les  from ,pound  zero from. X!&l?KEE,. it. -boame evident t h a t  t h e  sea 
.. : hi%&- i tsei-f '  miis r a d i o a o t i w  due t o  shot debr is  d i s t r i bu t ed '  i n '  it, tha t  the . .  . 

. . 
, . &a* -of a c t i v i t y  was sharply defined - even three days- a f t e r  -the burs t  - 
r. : .and that the- .readings a t  a l t i t u d e s  ranging from 200 t o  400 f e e t  = r e  s i gn i f i -  . 1.. . .oant. With t h i s  encouraging inform-ation, a majcir eff-drt ms m d e  t o  oover 

. , $he .'*cT& shot as f u l l y - a s  possible with t he  equipment on hand, The authors ' .  
-- . Velieve t h e  information oantained i n  t h i s  doou3pent i s  usefu l  but it must be 

: 7 .  

. .. Galize'd that t h i s  data covers two' events only; t h a t  the  preparation was n o t  

. - ' as thorough as one might wish3 and t h a t  .the datb and dom lus ions  may have t o  
be re-evalmted i f  a n  opportunity i s  presented t o  more f u l l y  study t h e  problem 

.. on one or more fu tu r e  t e s t s ,  
. . 

.' A&& FLIGHTS 
II ., 

. &Udaerial f l i g h t s  on -these operations were i n  P2V planes w i t h  the 
radilrttion dei$otor located d i r eo t l y  on. the  i n t e r i o r  surfaoe of the  skin  of 

A .. . 
' 4ihe plam t o  s e o i r e  minimal absorption of the gamma rad ia t ion ,  The planes : '. 

' J 
m r 6 ' f  lm in l e v e l  f l i g h t  a t  various a l t i t u d e s o  A 1 1  data has been oorreoted 

. : baok t o  tbe eea surface .and t o  48 hours from eaoh shot time, Figure 2 ' i s  t h e  
. ielat i 'onship between a l t i t u d e  and a t t enua t ion  of t he  reading on the  sea 

.'J 

': (1 . See Appendix, Section VII 1. .(2 A delayed message dated May 1, 1954 was reoeived on Yankee f2 dayso 
- .  Dr. T, R. F o l s h ,  Soripps I n s t i t u t e  of Ooeanograp*, Consultant t o  

$,he 2;5,-a-Fo$am of CTG 7,3, requested t h a t  'US& scan the probable 
' . ' ;one 'of f a l l o u t  witL Tts  airborne r ad i a t i on  de teo ta rs  t o  give him a 

genera3 guide i n  h i s  program of sea miter sample colleotion,  
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ALTITUDE (FEET) . . .. 
- .  

, . .. . . .  



surface t o .  the- reading i n  an airplane with no added f i l t r a t i o n  beyond the . . 
skin of the plane, This data represents a summarization of information 
secured on' previous HAS;!, ~p~ra t iongr  and - i s  considered to  be r e l i ab le  (3 3 a 

The correo'tions depend on a l t i t u d e  and are' only as r e l i ab le  a s  the baro- 
metrio type of'altimeter.would perinit. This type of instrument does n &  . 
a1  law for complete. confidence but was .the mast re l iab le  apparatus available. 

On'D63 of lIANKEBs three headings m r e  flown with tlk;o P2V planes a s  
shown ln Figuke lo The oorreotion'baok t o  H448 hours (4) has been 
ut'il'ieed' i n  evaluating the  t races  of Figure 3. .These t races  are  
aopies from reoorded data taken on Esterline&ngus recorders which 
operated i n  conjunctioii with t& radiat ion detection instruments. 
Figure '4, the Sumnnrtiun of-.Wind Veotors (5), i s  a p lo t  of the 
probable posit ion of .a par t ic le .  s t a r t ing  from ground zero from a 

. . ' specific height, at  various times a f t e r  the'shot. Comparison of- 
. t h i s  data w i t h  Figure 1 indicates t h a t  the f a l lou t  p a t t e k  i s  re- 

lated t o  the wind t rajector ies .  

Be- Nectar 
. . 

6't H112 hours a s ingle  plane was u t i l i zed  t o  f l y  the pat tern shown 
.. . i n  Figure 5. On D i l  the pat tern of Figure 6 was flown by tGo planesj 

the-data taken on-qne of the planes was useless because of instrument A 

fai lure .  Here ?agii'in thti ~ s m m t i o n  of w i i d  veators, Figure 7 - for 
the NEW5.R. shot p e r i d  compares hvorably  with the' idormation of 
Fiqure 6. The zone of f l i g h t  selected fo r  the H412 hour run, Figure 
5, v&s determined by a study'*of ,these t r a j ec to r i e s  'prior to  the 
?light ." The p'lanes used ili tbe NECTAR f l i g h t s  were i n  C, IT. Radio 
o'ommunic.ation with headquarters, and althou& it was Biff ioul t  %o 
.transmit a large amount of informat ion, neverthe l e s s  suffl cient  . 
data was reoeived' t o  map the  d i rea t ion  of the f a l lou t  path and ' - 
amount of ac t iv i ty ,  while, .the f l i g h t s  were s t i l l  ( in  progress. Tith 

. w e  general fallout path thus determined, the two ships t h a t  were 
made avai lable  f a r  this program were. direoted i n t o  proper posit ion 
for  aol leat ion of surfaae sea wa.te~ samples and f o r  radiat ion measure- 
ments - f rq  the  bridge and -fantai l  of each of' t h e  ships. 

It should be noted tha t  the ao t iv i ty  reoorded i n  the  weetern zone 
of Figure 6 is  here a t t r ibuted  t o  fa l lout  of par t ia les  with i n i t i a l  

- pdsi t ion-af ter  the shot, a t  an a l t i t u d e  l e s s  than 20,000 feet. A 
f l igh t  was made on D42 and the resu l tan t  rad ia t ion  p t t e r n ,  Figure 
8, reveals tha t  the.na5.n gone of a o t i v i t y  d r i f t ed  t o  a new position 

. . . . . . . due .%o' aurrenta and tha t  the portion i n  the western lobe had 

(3) See A-ppendix, Seotion I 
(43 See Ap*ndix, Saction I1 
(5') See Appndir, Seotion I11 
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pract ica l l y  disappeared, Since t h i s  debris i s  prodably composed 
I of large sized part ic les ,  i t . i s  reasonable t o  expecc'that these 

vrould disappear i n  the depths of -the ocean more rapidly than the * 
... f ine r  par t iculate  matter vhi$h. would r i s e  t o  the higher eleva- 

. . .  . . . . t'i'ons a t  the shot and were apparently car r ied  toward t h e  north- 
- .. . . . .  .:.I .... I .  . . . .  east . lobe.  . . . .  . . . . . _ < _  .. '-7,. .. . . . . , ' . . .  . . .  : . . . . . . ' . . .  .............. -a . . . . . .  . . .  
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1 . .  .... ..- '. . .  1 . . .  , :.;,. . . .  . . . .  . . . . . . . .  . .  ........ 

* ,! : . . !  . . .  . . ; .  ...... . . . . . . . . .  " 

1 . . ......... 
..._...I . - .  ,'.' . . . .  . . . . .  

! .  I .. .: ': ... . . . . .  ~'.&$-gb.irig:.'tll~ ...., traversed the p a t h  i6)i$hnm 'fig&e 9:wfich * borresponds ' 
. . . . . . .  . . .  . . . ; . . .  . f t.o;;th?. of'. ' fa1 lout debris.. on ~ii*'@.:.:~.., :.%e:.:a%%it:.meig.&i d by t&,, tug . 

. , , ' . ..: '.;;. .,.t . .  ;:,: .- .:+.b$&t&d:to :be qne-half mile p < =  k;;ii&i:$--&$;:<he: ,same ..'s decb'.. ( 6);'; ,*$& . 

......... '866thi.$rofile . . . . . . .  data,  Figure 16,. r e w a  lszt*t thq-fhllout . d e b r i s  penetrates 
. ": .:. .i:'$h&(+.kea .:$atern i n  de ptk a limited a m o ~ a c - a n d  s8ems; n0.t to:. pe ne- - ,. . . .. .:;. .. ,;' .... 
. . . .  - :I .. .:.-~,:;,:%:r,atei:i:::tiir'~ugh . ,; . . 

. ., . %he thermocline (7' ) .  .: 2 ~j:t:t~l~~$~::~b;~,la~t@Pd,l.' ...$>. ..... ",:.. ... : . -... d ~ f  fu'S~b;n,:is"',noted .__.. -. I  - 
. . . . . . .  . . . .  ., ;... ..::.:. .; .:: .... . :'.hnd;::t+e:re :. . .  . "is .a sharp demarkati.o~.o'f-.'.~~w~.or.~:~~o~~~a.,c~.i~i't~~~b.e'~ond- ... . .. &_. . the:-pth . . .  of. 

. . . . .  * -.., _ .- I .-  ..:....................... . . . . . . . . .  ; .: .-..:!:. <: <.;-:::....:::fi ~.~~o-ut '~ &b= is  * iLz,-Cj.: --.-. &....., . :  ..- ;.< - . .*.- ..$: *.? :.:*.z :,-!?.<s* ::-.z;:.; >,";.;::.:': .:.. , -'. . . . .............A . . . .  . ..... . . .  .: .;,.'. .=.g.... ..,.:. ..-. .. + .  . - 
,: . ,:,- .i. ;,> y.;;, :<.:/::<:l'.:'.>::-.:.:,: .- .7 . 

! 

. . . . .  ...... :$,.,.<,,:.T .......... z; .::: :.7<.:2;..:;;:.;;..;.(.5. -.:<.:' . :- .-: . - .  . . .  . . . . . .  . . .  a . :,., ,;,.:. . &;c; . j..> :.< .:;:::;--;.- '-. );::.'. .-: ... ,-.. - me---. . ,?. *< +..'.., .,;.,. . 2:.*.-:. ' : . - . 
.......,.. <3p ... - :*; . . . . . . . . .  O ~ ~ ~ ~ ~ ~ ; ; # E C T &  -&hot the tho  sea '.goiirg;f ~ ~ 8 ? : f ~  l $ ~ @ d . :  :.%h&: $a.tf $rns o f  Figure- ; ,;'. ':; :;.:.;:. ,.;: .-. - -. .- - .. . .,,.. ,". .'s ;:r-.-.. ..... 

, ,--~,.j.;;;;~;$I:~;iiin~:,~Z. jr: T b -  voyage of -the ~ : i ~ u x ; ~ ~ ~ ~ : . : a ~ ~ & ~ > a t ~ - 1 : $ ~ ; @  .lanfi&d . . .  s 0.. f hat it ; i:'. . .:.: , >,.. ,,; ....;.: .... ,;<:,.? ..:..... .;:- .. '..::' - . . . . . .  I .$ ..+ .. .. .> * .a ... >.>, ....... _ _ _  . -. 'S: 

......... :.:,.::., ;; .-.%; y~u$d.:;:n@$.: genera 11 y . enter the.  z~ne-:~.o$$~c-~.arnteaf~%oii':~in~~~o.~d'e'~:~.t .,-:.. ......2..3...j.. ...{!. i.y...:.. . . . . .  o 'get  a ........ 
, ; . , - . ~ , " . : : f f 0 .  of the  lab&- .. ~ ~ ~ ~ & ~ : ~ ~ t e r ; ~ , a ~ t ~ ~ ~ . t ~ y ; ~ ~ f i & - ~ ~ i ~ t i o n ' : l e v ~ l s  .... . .. ..... 1 ,..i ::; .. -.':', ;:'.." . . " . ' " ' - .,...-....., ; -.-.< ;=<. ;a- 2s ..n.r ,..-5 f. -..'-$:. .:. 

. ,., .;;.~;,g;~<jo&sSde.~bf ':.the:. area of fa l lout  ' p~edi~.~e"&:;~ra;:th~.P'feplam.nsfdab~.L .... ............ . . . . .  ' ~ccas ion-  . . .<. 
T.2 _ .... ! ........ ..... . . .  : ; . & i ; ~ ' : ~ ~ & & ~ L ~ o ~  . would a z m ~ v ~ 6 ~ , , , ~ & ~ ~ . & e i ~ ~ ~ . i  ..:Th$ *;i;&.adi"ngs. :i;nor&sed 

i . .  , .. - .. ..*..,. .... ,,I.. .. . , ..- . . . ,. 
:;.* ': ...;:. dhi;irig;'~he-, e&ib s and was in a.@&&&--;y$i,*: dat&ya&i$able) .. . . . . .  a + . . . .  ' .  . . . . . .  i. . . .  . . : . :  . . . . .  . . . . . . . . . . . . . . . . . .  - . . . .  . , ......... :. . - .- . . . . .  . . , . .  . . .  I - .  . . .  , . - .  . . .  . .  :.:; .... . . . . . . .  . . . . . .  

. . . .  . . . . . . . .  . . ... . . . . , .  . . . _ .  . . . ;. ;; r .:':, .::. . , . . . ' .  '~h&~ecti%e s - of surface sea water s&iples- f r o $ . ' t b  McT&R. s-hqt were a e l y z e d  
. . . .  . . -radibme+%i.cally using. high geometry & - g e r  ' co\;pnters .;. ' .Thi's data;' was corn- , , . .- ... 

7 .  . . .  . . . -.':- . .  : .@r id - to  radiat ion readings taken:.:. ' .  :.,, 
6 - a  , . ' >  . . . . :  . . _  .: ; . . 

: . . . . .  . . .  
. . . .  ;.' 1.' On-.the brid.ge of the. ship ..- . . . . . . . . . .  

: . .- , .: ., . . . . .  . . .  . . . . . . . . .  . . . . . . .  . . . .  
. . , . 

:- ,. - ' 

. 2.'. . Over the fantail of the' ships:. .'., 

. 3. . On oocasions when the airplanes flew over the ships and took 
I .  

+imultaneous a e r i a l  radiat ion readings a8. the ship took radia t ion  
readings on the bridge q d . f a n t a i 1  plus surface sea water samples 
(8). upon analyeis , the data (9). revealed exoellent oorreapond- 
ence between surface ac t iv i ty '  measurelirents and the. quantity-.of 

; . a c t i v i t y  t o  be found i n  the  ,sqface samples taken, Figure 13, 
when correotion of the surfaoe .activity. and 6ounting data i s  wade 

. . 
! . . . . .  i.. . (6 )' &&a' submitted by U. S:, - ~ a v a l  ~ a d i o l o ~ i o a l  ~ a b & a t & ~ ,  Information 
, I. . . . 

. -  . .'.., .. '_. . 
, .. 'taken by Scripps Ins t i tu t e  of Oceanpgraphy on Yankee. See Appendix* 
I 1 . .  ( .Sai Appndix; .Section IV ' 

. . . .  . . i . . . .  . . (8):'. See,,Appendix, Section IV I . . . . . .  ' .  . . . . . i (9:) ".see . ~ ; ~ ~ e n d i x ,  Section V . .  - . 
I \ .. I. , : .  : - . . . 
. . . . . . . . . .  r . .,. . . .  , . . . .  . - .  
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baak t o  a standard time from zero hour, The relat ionship of the  
r a t e  of decay of the aa t iv i ty  i n  the sea water has been computed 
from decay measliremnts taken on the sea water samples of NECTAR 
~loade-%olh a t  t h e  Analytical Branoh of mSL and NRDL and it 
can be seen tha t  'the exponent is  -1.2. Although reports indicated 
the presenae of a Large quantity of Neptunium i n  the ac t iv i ty ,  be- 
cause of the short  half- l i fe  of t h i s  element and the length of 
time which elapsed before the decay data m s  taken, the oontri- 
bution of Neptunium t o  the sea water surface ao t iv i ty  oould not be 
evaluate dm 

With a l l  a e r i a l  data of Figure 1 oorrected baqk t o  a standard time 
of H448 hours the  radiat ion data t ranslated.  down t o  surface ao t iv i -  

. ty .provI-des the information required for isodose ourves, Figures 14, 
15 a& 16. . 

ISODOSE c m m  

These curves, a re  attempts t o  provide an i l l u s t r a t i o n  of a possible s e t  of 
isodoses which might be inferred from the a e r i a l  data. There was, of oourse, 
in$uff i c i en t  information t o  provide a rel iable  isodose plot. Data taken 
from the reoorded traoes reveals a r i s e  and f a l l  of radiat ion levels and 
these are so d i s t ino t  t h a t  there i s  no question of the  var iat ion of a c t i v i t y  
deposition i n  the water. (10) 

Table 1 

Fallout Calaulation* 
Yankee 

Surface . . 
Mean Radiation ~ u r i e s / s  ,am. Area 

Region 
, . ( x l ~ q  - (elz bfegacuries 
0-10 4.9 4.2 1823 172 

10-20 14.7 12.2 49 6 202 
20-30 24.1 19.8 196 13 1 
> 30 30 24.7 40 

. 
33 
I 

* Referred t o  H+2 days, 

- 

(10) See Appendix, Seotion V I  
., 





Figure 15 
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Table.2 represents the computation -- of - aot3vity a t  times other than H42 days, 

Table 2 

k t  H+Z days 1240 msgaouries t o t a l  f a l l ou t  

Table 3 which for convenience has been divided into the northeast and western 
areas contains the  camputation of aot iv i ty  which f e l l  into each of these %ones, 

Table 3 

Fallout Calculations* 
Neo t a r  

Mean Surface 
, Radiation cur ies/sq,om AreaZ 

Region ( m h  (x1oW6) . (MI Megacuries 
-- 

Northeast Area- 

3580 gq.mi, 127,5 megacurie 
t o t a l  

830 sqsmi. 53,3 megacurie 
t o t a l  

* Referred to  Ht.2 b y s .  



~ a ~ l e '  4 are  &e a o t i v i t i e s  f o r  other than .Hi2 days, The to ta  1 sea vater 
actiirity'measurements af e&ch of th6 t e s t s  a re  a measure of the. re la t ive  
yields  of the de8vices. . 

. . . . . . 
. . . . . . I :  .- . . . . . Table. 4 

. . .  
. . 

a .  . ,  . . 
: -:.. ....:, .::. Northeast . ... . . : .  

, .. ..- . . 
, " . .  :., . . . . . .  . . .  West . . 

. . . . . . . . .  - 2 
- .. - .- r .L . ' . . c  . . .  . -  . . . .  . . . . . . . .  .-; . . . . .  . ..:. . . -:. .: . . ,_ . . .  &t..ail:.idala, ; 2 9 3  m&ouri& t o t a l  . . 122.0 meg*curies t o t a l  

:. . I .. -. , . 
53.3 :.- ,.....: t.:. .:.: ...: : ..2; .,.: :- - . .  127,.5:'.: :- . . . . .  :., . , . . . . . . . . .  . . ' .I . . .  2 .  . . . . . . . .  28,3 '. ._ - 

I \  . . . . . 
' . . ,- ' 

. -11b8 . . :' - .. L .  :. loo.; : . . . . . . . .  1.2 * 0.5 ' .. .,.( - . . . . .  - . . . .  -**. ...kc .::';,' - ; .. .: '. . . . . . .  , . 
. . .  . . . .:.:,.'.:, 5 .  - .  - . . . . . . . .  

. . . . . .  ' . '. ' . . . . 1 :  . -  . . 
. . : . ' . 'Tl$l~ppratus used f d r  determining the radiat ion l e v e l  consigted of a high 

: . . .  .' ' . pre.ci.sion: deteotor r a k e d t e r  as'senbly, Figure 17, with a yide d mic range, 
... ::.Th6-&teof6~.:ms _a sodivl iodide c=ystal  1-1/8!' dianet6r x 1 - s . h i g h  
". : , ;;:co,ui,l6!d- t o  8 12-stage ..D'uMont . photomu~ti p l ie r  . - The measuring c i r d u i t  o on- 
: .: 

.si 's t 'edof.  ampl$fkers and an anti-coincidenoe d i r au i t  vhich elimiimted the . . 
-.,: : effe.ot.,.of -'~osmic background. The anti-ooincidenoe c i rou i t  was ~uhiececisa ry . . . . .  

. : .; .. ..-@@$dering. . the: high a c t i v i t y  -levels vrhich were measuredo The ratemeter 

. . ,. . - ,-:'.' 1s.; <apple of a range up t o  one million ,counts per a ec ond which precluded 
-..-j...':j& jbr resolution losses. The circuit., Figure 18 was powered f p m  the 28 

.-  . ... -vol t .  'sripply. of the airplane. The -output of the c i r c u i t  was c onnecked into 
; . . ap- -~sbr l ine-~ngus  ,recorder operated a t  a chart speed of 12" per hour. 

. - * .  

.. : . . -  
- .  . .  *.- ~ I ~ ~ E T A T I O I ~  OF YANKEE sm WATER ACTIVITY M= ' 

. .  
) .  . . .  . . 

.: - '-=th6,'&taL-tak&-by. ship (11, a f t e r  the WNXEE ahot, it *as found tha t  : . 
.:-. -.:' th6-:acti'vity-tended t o  diffuse downvmrd in  the vrater t o  the themooline, . . . . . . .  

.. .: appr o x h t 9 1 y  '400' below the sea paMr surface; Pract ical ly  .no l a t e r a l  
i ';. ... -..: dS#usi.on. took phce .  worn" Figure. 10, (2) it 'is evtdent tha t  &ere is . . . . 

. - . . . ~~:oor+81ation bbtween' the surface masurement of ac t iv i ty  and the t o t a l  amount 
. . :of' a a t i v i t y  deposited i n  -the water, seemingly for any time f'rom -H-hour,  the 

Ga~&ement  of the surface a c t i v i t y  e i ther  by ae r i a l -  means or. f r o m  the  ship . 

' 'bokided a means of. e p a l a t h g  the anount of a c t i v i t y  in=depth in'-khe- . I -. sea 
kt&. .... .. . . .  . . .  . . .  . . . . . . .  . . .  . . . . .  . .  I '  . ,. . . . ;.... i .  

. . %'.water above the the&occ!ine, due t o  wave and wind ac t ion  is i n  a constant . . .  
:* . . . J  . : .. . s b k e  . of mixtng and tends.'to d is t r ibute  the a c t i v i t y  i n  a fairly: hmoe;eneous 

. . .  .. :' wnner Homver., it vrould be expeoted -that ' the  peculiar t ype  o f .  turbulence 
.... 

. . -  . . . .  exhibi'ted.' there would be some zones with hip;her a c t i v i t y  than adjacent zones 
. . .  - .. r 

I :k&inly because .the.mixing i s  not complete .and perfect with the present lack 
..,of .preci$'e data, it may be e o e s s a r y  t o  assume uniformity i n  order t o  

:. .evalGt_e' a surface measurement, a t  any t i n m e  a f t e r  H-hour, Since t h i s  reasonable 
.. ' ._ . I  . . .  . . . .  .. '. . 

. . .  .: {,I.) ~ b i i ~ p s  . . .  1ns$itute of Odanography by permiasion, U.S. NRDL supplied t h 9  
. . . . .  

, . . . . - -da.ta-; 
. . 
..........- :(2 . I_. )- See . A.ppendix, Section IT __. .-, .. . -. , - 







it is 'possible by means of aor ia l  measurem.ents, t o  secure a f igure  for  the 
amount of ac t iv i ty  which would .*ll either on land or on the  surfaoe of a 

.. vessel and rthereby ascertain the effective radiat ion level t o  persons who 
might be exposed t o  the radiation resulting from t h i s  ac t iv i ty .  For ex- 
'aiaple, one can assume tha t  the mximwn .af t race  B, Figure 3, mas the zone 
of maximtan.-fa3lout. Ninety-seven percent of. the. radiat ion readSng .on the 

'".. ...: :. s.urfaoe. is cont+ibuted. by.'the first fobt::bf.-water and an approximation iriai- .. . 
' -.oate's. that' .milltiplioation of this .~adi ,a t i  on .read*g by four i s  the ac t iv i ty  

' * . . i n  eao& foot!.bf: water, i f  .-there i m s  no dyGr&ir.. Since. the ac t iv i ty  had 
. .  . . '. . : _ . .  ,'.p.n.&rated--.$o . -a' 400t a*th 'alniost unif Gnni-l$., the surfaoe reading can be 
.. ,:'.mul.ti.p.l'ied: by.,.1600 to  give .tihe value &;radiation f lux i f  a l l  the ac t iv i ty  

. . . 1. ' ~ " w e r 6 ' : o o ~ e ~ r a t b d  i n  a layer. on land, ' Ejctrapolation back t o  H+12' hours re- 
'. . :....'quire miiiltipi,ica~tion b y  a :faotor .of f i'vi- so ' tha t  the radiation'  f.lux a t  H+12 

hours,. i f  a l l  t h e - a c t i v i t y  had been depbsited.on land,'was i n  the order of 
. - . - . '240-roent~ens:~er  .hour. . .. . 

, . . .. . ".. . . . - . .  . . . . -  , . .. _. . . .  . - . i . - . P  .:: . . . 
. .. ::f;. : ~ ~ o ~ c i ~ , ~ < i ~ q ~  .... ' . . . 
I 1 ..._. r . _  . . . .  . - .. .. ._ . : , ... %.. 

. . 
) _.:. . - 1 - . . . . . . . . .  . t. ..: . " . . . :, , 

. - .I::::';:.- .. .... ,. The: te6h~p~...&jma :to be qricte;.fea&b&.$..% light of t h e  excellent oorrespond- 
' . ;:..': . .  .in06 .of a l l  'da ta  although &ore ' ipfor$at ' ion .i rs: .rb~uikd in. order t o  firmly f i x  
. ?,:.:?? :.:?..the .dondit ig$..of-, %he phenorpe&. :'. Sih;;'e'..,th'iri; tec.GitjueZ w i l l  uiet er ia  l l y  aid . . _  .._ . . .. ,, ., -:. :;- ., 

,. . . . _ . , .  . - ..the:&l'dt.i6g..)'of . . f ~ l l o u t ~ f ~ ~ . : ~ ' ~ ~ . l - ~ ~ ~ f e ~ ~ . ~ + d ~ ~ i n ~ $ . - i t ,  w i l l  'be, of m j o r  
,; is. . , .  . - .:..*. . :, ... .-'.;:.':'<!':bPort&ae' . .&':dir;e&:.n~h3 . f & i x ~ t i & ~  :a+.f..frhm 'we: .zone .of - ac t iv i ty  from 

. .  . . 
. . 

- .:.. ...; a .~~apoP,".it~$$;ild s+&..to>e; of iapc(o$ai. ~ p : o ~ t ~ 6 . ~  ;for - further  study. This 
: . .< :. . ., : .;-.. . . ... . , .. . -., ,..,. . . . $eohni-qua, .s,ilice the  : 'infonna'ti'.*:'is:ami.~ble .-p*Gpf ly,' pelinits the disposition 

... . . .:... 
. .; . . .. , " .. &f .v@sse'lii ' s t  & a t  t h e y  ~ j r  pei$t*te +rem$n out of tbe contaminated 

' '  ' ; *: :area,"wiik Ii~iti~.:depSoyi'ng. of sh5pa:;for"vi&shdmhi t o .  olean areas, and w i l l  
.. , . .-; . . : .::lalso 'permit"'determimtion ;of .the ;direotion ,of the' fa l lout  .debris t ra jec tor ies  
. .. :, 1 :far . ear.ly ;jiar&g where .dangerous.. ao t iv i ty  -may fa1 1 on land or on msse  1s . .  . . ... . .. . .:':: a t  ., . . . . . . . . . ,: . . . .. . ,  . . . . .  . . -  . . 

. .For any future. erney ,  based on. the findings of' t h i s  r e  ort, one could 8- reasonably plan t o  qec.ure %he data needed. Since a 360 scan is  desirable, 
- .four .airplanes, i n  the a i r  would be. needed during the two or three" days 

. foll,o&ng shot. time, t o  secure the  minimum general coverage, rapidly and 
' .ef ficiently.  Experienoe' during t h e  Castle *-ration indioates that  it is  . . 

.' not .possible- t o  conveniently oomunioate from plane t o  plane, nar is it 
. . .. . 

feasib.18 t o  reconatr.'mt the. pattern ,of fa l lout  an the planes during f l i @ t .  
;This can best be .done through a central  plotting group t h a t  reoeives the 

- ' .  data a t  15 minute ,intervials from each plane, assembles the information by 
p l o t t b g  the  oorreoted ac t iv i ty  data a s  i.t comes i n  and then relaying in- 

. fornytion t o  the planes, i n  many cases-to redireot the plane t o  a new area 
of inteiest. '  

' . 

: .'-' She information i n  the plane is omplex ih charaoter and' since it must be 
interpreted it i s  sukes ted  t h a t  the' ac tua l .  graphical data on the .Esterline 

.. , B n g w  'oharts fn .each of -the .planes be transmitted by. telemeter (a minimum 
of 50 tci' l!j?&iles),. C.W., transmission i s  indioated, A telemetering system 

. , '  . .  . . . - .  - .. 



is:in.:de$616+ht here whioh w i l l  f u l f i l l  these nee& and should ~ p r a t e  
within the. .capabil$ties of' ' a mi l i ta ry  C.W. transxpitter - The data transmiwe d ' .  . should a l s o  include bearing, heading, a l t i tude ,  ground speed and time be- 
.tween' transplissions. - .  

: Sinow' a l t i tude  attenuation, 3s. large .it ie  essent ial  t o  provide mans of 
. carreoting"tIie .&ta ?or ..altitude" +r ia t  ions d d n g  f l igh t  of the planes', - 

.. - A, .cornpeneating ,unit 5 8  also- i n  development and !all be designed for  attach- 
' : .  m6ht t o  a..moderii r a i o  altimeter of ith6-':type now instal led i n  new Military 

. . .  . . . . . .. planes. .... ' The equipinent desoribed above'.is ,s*ll and l i gh t  weight and w i l l  
. . . . .  . , . not .pr.egent. .pr&bliems .of . i jqtal. lation* .:- Siiioa the must' operate with 
. .:.:, . , . .~a~binimal~~~reaidual"backgound~~to'~~be . read 'in the 'survejr meter, it wi l l  be 

. . . . . . .  .. _ . ".: neoeibaiy ' t d  de00nt~inat .e .  the  lanes on the ground, to provide shelter for  
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These lpp.endioes are the raw data of this report. The 

gonditions' , .  . ,- under which this data was taken, the inability t o  . - 
plan for the experiment ae fu l l y  as one would liks, and other 

factors made it desirable t o  present the daia so that if  any 

future rework was required, the basic inforkt ion would not be 

. lost .  
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APPENDIX 

Seotion I 

Altitude Absomtion Carmotion 
\ 

Table I i s  the data which i s  the basis for  the a l t i tude  attentst ion 

oorreotion c u ~ e ,  Figure I. fdr f i s s i o n  produot gam radiation. 
s - 

. T i m e  
k/b 
(net 

(2) . . Hlhrs. ik &It. 

080234 80 1.87 12.5 200 
I41947 25 0.46 0.4 400 
142010 26 0.48 0148 300 
142108 27 0.51 0.45 400 
150012 30 0.57 0.39 400 
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